Introduction: In case of cavernous sinus dural arteriovenous fistula (CSDAVF), transvenous embolization (TVE) of the cavernous sinus (CS) via the inferior petrosal sinus (IPS) is generally performed. However, various approach routes have been reported when the accessibility of the IPS is challenging. We herein report a case of CSDAVF treated by TVE with direct puncture of the facial vein. Case report: A 70-year-old woman who suffered from tinnitus, chemosis, diplopia and bruit was referred to our hospital. Digital subtraction angiography (DSA) demonstrated CSDAVF. We initially attempted to perform TVE via the IPS route; however, we could not guide a catheter to the CS because of an anatomical difficulty. Then, we performed percutaneous direct puncture of the dilated facial vein, and successfully treated the patient. Conclusion: When navigating microcatheter to the CS is difficult because of an anatomical difficulty of the IPS, direct puncture of the facial vein is a feasible route.
Introduction
Cavernous sinus dural arteriovenous fistula (CSDAVF) is the most common DAVF in Japan. The first choice of treatment is transvenous embolization (TVE). Neurointerventionists usually choose the inferior petrosal sinus (IPS) as an access route. However, the developmental pattern of the IPS varies in individuals; it may be thrombotic, occluded, hypoplastic or aplastic.
In these cases, an anterior route to the cavernous sinus (CS) from the superior orbital vein (SOV) via the facial vein (FV) can be used. However, by selecting this route, the distance to the CS will be long. Furthermore, it may be difficult to navigate a catheter when the FV has tortuosity.
We herein report a case of challenging CSDAVF. Since it was difficult to guide a catheter to the CS from the femoral sheath, we directly punctured the FV and successfully performed TVE.
Case report
A 70-year-old woman suffered from tinnitus, left chemosis, diplopia and bruit. Magnetic resonance imaging (MRI) fluid-attenuated inversion recovery (FLAIR) image revealed an ectasia of the left SOV. Digital subtraction angiography (DSA) demonstrated multiple feeding arteries including a bilateral accessory meningeal artery, middle meningeal artery, and artery of foramen rotundum. Right feeding arteries foregathered to the intercavernous sinus (ICS), and drained to the left cortical vein and bilateral FV via the left SOV (Figure 1(a), (b) ). Left feeding arteries foregathered to the medial wall of the left CS, and drained to the left cortical vein (Figure 1(c), (d) ). Either side of the IPS was not seen. The internal jugular vein was found only at the right side (Figure 1(e) ). We diagnosed her CSDAVF with retrograde leptomeningeal venous drainage. We selected a treatment route via the right IPS that might be functionally occluded. Subsequently, we planned to perform coil embolization at each shunt point.
First intravascular treatment
When we performed angiography for the diagnosis, we also executed transarterial embolization (TAE) at the same time. Sixteen fibered coils (15 Tornado coils (Cook Medical, Bloomington, IN, USA), one C-STOPPER coil (PIOLAX Medical, Yokohama, Kanagawa, JPN)) in total were inserted in the left accessory meningeal artery, posterior auricular artery, internal maxillary artery, and right accessory meningeal artery. Subsequent angiogram showed attenuated blood flow to the fistula (figure not shown). However, the symptoms didn't improve.
Second intravascular treatment
All procedures were performed under local anesthesia. A 5 Fr, 25 cm sheath was inserted in the right femoral artery, and a diagnostic catheter was detained in the right common carotid artery. A 6 Fr, 25 cm sheath was inserted in the left femoral vein. We tried to guide the catheter using a triple co-axial system However, we found it was difficult to reach the left FV by penetrating the bilateral collateral route from the right FV. We suspended treatment because of long duration. We considered that we could puncture the FV directly because the left FV is straight and has enough diameter for a puncture (Figure 2(c), (d) ).
Third intravascular treatment
During the third treatment, all procedures were performed under general anesthesia. A 5 Fr, 10 cm sheath was inserted, and a diagnostic catheter was detained. Subsequently, we punctured the left FV directly with an 18-G needle under support of a roadmap (Figure 3(a) ). A Y-connecter (Terumo, Tokyo, Japan) was connected to the external sheath of the 18-G needle directly, and heparinization was performed (Figure 3(b) ). Subsequent angiogram demonstrated occlusion of the FV and augmentation of the cortical veins (figure not shown). Echelon14 (Medtronic, Minneapolis, MN, USA)/GT wire 90 degrees (Terumo Clinical Supply, Gifu, Japan) was led to the CS directly from the external sheath. The microcatheter was looped in the CS, and also the tip of catheter was indwelled at the orifice of the sphenoparietal sinus in order to stabilize it. (Figure 4(a), (b) ). Sinus packing was achieved with 31 detachable coils (255 cm) in total (Figure 4(c), (d) ), and the arteriovenous shunt completely disappeared without packing the ICS (Figure 4(e) ). 
Observation after admission
The patient's symptoms improved rapidly. No recurrence has been seen during 43 months after the treatment.
Discussion
TVE of the CS is the primary choice for the treatment of CSDAVF. [1] [2] [3] Because the IPS runs straight and is the shortest from the femoral approach, we often use it as an access route. 4 Since the IPS may be thrombotic, occluded, hypoplastic or aplastic, it is not always visualized on DSA. However, we can reach the CS in most cases regardless of the visualization by using various devices and techniques. 3, 5, 6 On the other hand, when we cannot approach the CS, various other routes are considered. 1, 4 If the SOV is the main drainage route, the method approaching via the FV will be possible and effective. Table 1 shows a summary of previous reports and experience of our facilities with the FV approach. FV is likely to become the safety access route because few complications caused by the procedure are seen (Biondi et 62%, 10 89%, 11 our facilities, 67%). However, we may not be able to pass the angular portion of the FV because it is sometimes tortuous. In these cases, Yuen et al. and Hirayama et al. used a triple coaxial system that can send a microcatheter to a more distal portion, strengthening the supporting force. 14, 15 Furthermore, it is also effective to make a small skin incision and puncture the SOV or FV directly, 16, 17 although this method is slightly invasive. Other various routes, such as direct puncture to a frontal vein, retromandibular and superficial temporal vein approach, have been reported with favorable results. [18] [19] [20] In our case, we selected a rare method. Our extensive literature search revealed two articles reporting the same technique. 21, 22 Surgical puncture of the SOV has a risk of infection around the access area, as well as injury of the trochlear nerve and the orbital gyri dura mater against percutaneous puncture. Furthermore, cosmetic problems need to be considered because skin incision is required to expose the SOV or FV. 21 When direct puncture of the SOV is required for treatment, enough hydration, confirmation of the running of the FV, and performing the procedure under general anesthesia are recommended. 23 Moreover, heparinization is required for preventing SOV thrombosis. 8 Similar preparation is necessary to perform direct puncture of the FV. CSDAVF has a characteristic that the posterior route closes before the anterior drainage or cortical drainage route. 24 Therefore, if the SOV become the main drainage route, the CSDAVF may depend on only this pathway. When the guiding catheter is inserted in the FV and the blood flow is occluded, the risk of intracranial hemorrhage may increase. 23 In our case, we considered that we could reserve the extracranial drainage route because the frontal vein was patent. However, cortical reflux had increased. Fortunately, we did not experience intracranial bleeding during the procedure.
Conclusion
In the case of challenging CSDAVF like a CS difficult to reach from the conventional route, direct puncture of the FV, although not a first choice, can be a possible option.
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